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; however, no validated subscales of the questionnaire currently exist. The objective of this study was to create a summary score for the LUTS Tool urinary incontinence (UI) questions and assess its behavior relative to summation scores.
METHODS: Data were obtained from female participants in the Symptoms of Lower Urinary Tract Dysfunction Research Network (LURN) Observational Cohort Study 2 and the LURN Neuroimaging and Sensory Testing (NIST) Study. UI severity was calculated by combining the 7 UI questions from the LUTS Tool (16a-g) using weighted Euclidean length, or the square root of the weighted sum of squares of the responses. Euclidean length measures the distance from an asymptomatic state and has been used previously in trauma to measure injury severity 3 ( Figure, A) . Weights were constructed to reduce the contribution of highly correlated questions and calculated as the inverse of the ratio of the average correlation of a given item to the average correlation among all items. Weights were normalized so that the least correlated question was given the maximum weight of 1 (Figure, B) . The proposed UI severity score was compared with a summed score using the same UI questions from the LUTS Tool and the International Consultation on Incontinence QuestionnaireeUrinary Incontinence (ICIQ-UI) 4 (completed by a subset of patients with overactive bladder in the NIST study) using Pearson correlation.
RESULTS:
The LURN observational cohort has been previously characterized.
2 Participants in the NIST study were similar but were required to have overactive bladder. Of the total 569 participants, the average UI severity score using Euclidean length was 3.73 (SD, 2.10); scores ranged from 0 (no UI) to 9.18 (severe UI). The average ICIQ-UI score (n ¼ 73) was 8.48 (SD, 5.33, range, 0e18). Scatter plots depicting Euclidean length compared with both a summed score and the ICIQ-UI are shown in Figure, C and D. The Euclidean length UI severity score from the LUTS Tool was highly correlated with both the summed LUTS Tool score (rho ¼ 0.96) and the ICIQ-UI (rho ¼ 0.72).
CONCLUSION:
The LUTS Tool is a useful measure; however, no validated UI subscales have been suggested using this questionnaire. We propose a UI summary score that measures the distance from an asymptomatic state using Euclidean length. Although similar to the sum, the primary strength of the Euclidean length measure is that it incorporates the marginal contributions of multiple symptoms at a diminishing rate so that going from 1 to 2 symptoms with the same rating does not double the score (as in sums) but increases by a smaller amount, likely a more realistic assumption in the setting of UI severity.
Furthermore, if participant A responds with 2 moderate symptoms (score ¼ 2 on both) and participant B responds with only a single severe symptom (score ¼ 4), sums of these responses produce the same score for both participants (summed score ¼ 4). However, Euclidean length allows for differentiation between these 2 patterns, with participant A score ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi Figure, C for direct comparison between summed score and Euclidean length in the LURN cohort. Euclidian length can be easily extended to multiple dimensions, such as the 7 present in this scale, to incorporate differing severities among all UI questions.
An alternative measure that incorporates item correlation is Mahalanobis distance; however, this measure was developed to determine the distance of a point from the multivariate mean and does not yield a monotone characterization of UI severity in the presence of strong correlation between items. While the proposed measure uses sample-dependent weights, large-scale collection of the LUTS Tool in a population-based sample would provide standard weights. Alternative weighting methods based on multivariate correlation measures, such as tolerance, or principal components may be more appropriate. The positive correlation of our results with both the summation-based LUTS Tool score and the ICIQ-UI, consistent with previous studies, 5 shows strong similarity with current methods while also showing the ability of Euclidean length to measure UI severity from a somewhat different perspective. While Euclidean length is computationally more complex than summing items, it allows for more precise distinctions between different UI patterns and may represent a more meaningful way of scaling severity. 
. The higher maximum score (3) for the second patient leads to a higher urinary incontinence severity based on Euclidean length. B, Weights for UI severity calculation. To account for correlation among questions, items with higher correlations to each other are given lower weights. 
